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This implies that plants that export to a larger number of foreign markets have to be more productive than plants that serve a smaller number of foreign markets only, because at least some of the extra costs mentioned recur for each market (e.g., preparing a user's manual in another language, or checking the relevant national laws). Lawless (2009) presents a simple theoretical model that builds on the seminal contributions by Melitz (2003) and Chaney (2008) and that has this testable prediction. Furthermore, it seems plausible to assume that the larger the number of markets the higher will be (at least, on average) the distance related costs of exporting an exporter has to bear.
In empirical studies only recently exports by a firm are broken down by destination regions or countries. As the first contribution to the literature the appendix to this paper summarizes 36 micro-econometric studies on export destination and firm performance for 16 different countries, most of which are highly industrialized western countries. These studies are mostly of a recent vintage -the first one was published in 2003, and many papers are still in a working paper state.
Looking at export destinations reveals new insights and sheds light on hitherto not known facts. This is especially true for studies that are based on panel data, because longitudinal data allows controlling for unobserved heterogeneity via fixed effects. Furthermore, panel data offer the opportunity to look at the direction of the relationship between firm performance (usually, productivity) and destination of exports by testing for the presence of ex-ante differences (that existed before exporting to a destination started) and positive effects of exporting to a destination on firm performance (learning-by-exporting to a destination).
Although results are not strictly comparable between the studies due to differences in, among others, the number and type of destinations looked at (e.g., EU vs. non-EU; areas defined according to per-capita income; or a large number of destination countries), the definition of the sample used (establishments or enterprises; cut-off point of number of employees), the period under investigation, and the statistical methods applied, 2 a big picture emerges that can be sketched as follows:
The bulk of exporting firms trades with only a few countries; the lion's share of exports is done by few large firms that export to a large number of countries; the number of export destinations is positively related to productivity and firm size; we have evidence for self-selection of more productive firms into more demanding markets -while the jury is still out regarding the issue of different learning-byexporting effects by different export destinations. These findings are in line with the expectations based on theoretical considerations stated above.
For Germany, one of the leading actors on the world market for goods, however, there is next to no empirical evidence on the relationship between firm performance and the destinations of exports. The reason for this lack of evidence is the lack of firm level data for the destination of exports. The only distinction with regard to the destination of exports that is made in the surveys of firms performed by the German Statistical Offices is between exports to countries within the Euro-zone 3 and exports to countries outside the Euro-zone, and these data are only available for the years since 2003.
Wagner (2007b) uses cross-section data for 2004 to document that German
firms that export to countries inside the Euro-zone only are more productive than 2 See International Study Group on Exports and Productivity (ISGEP) (2008) for an empirical investigation that uses an identical approach to investigate the nexus between exports and productivity (without considering the destination of exports) with firm level data from 14 different countries to document stylized facts that hold for all countries and to investigate cross-country differences. 3 In 2003 the member states of the Euro-zone were Austria, Belgium, Germany, Finland, France, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal and Spain; Slovenia joined the Euro-zone on January 1, 2007 , Malta and Cyprus on January 1, 2008 , and Slovakia on January 1, 2009. firms that sell their products in solely in Germany, but less productive than firms that export to countries outside the Euro-zone, too. This empirical results is in line with theoretical expectations: A plant that exports to, say, the US has to deal with all extra costs due to changes in the exchange rate between the euro and the dollar, while an exporter that serves markets where the euro is the local currency does not need to take care of this. Furthermore, transportation costs and other export related costs can be expected to be higher on average for serving markets outside the euro-zone.
Therefore, only the more productive firms can overcome these higher export costs.
While the findings in Wagner (2007b) fit into the big picture sketched above that emerges from the international literature it should be noted that this study uses cross section data only, and, therefore, neither the control for unobserved firm specific effects nor the investigation of the direction of causality between productivity and size of the export market was possible in this study.
The second contribution of this paper is to extend the study of Wagner (2007b) by using longitudinal firm level data for the years 2003 to 2006 to estimate the productivity premium of German firms exporting to the Euro-zone and beyond, controlling for unobserved time invariant firm specific effects in a linear fixed-effects panel data model, and to test for self-selection of more productive firms into exporting beyond the Euro-zone. 4 The third contribution made by this paper is to correct a serious flaw in hitherto published studies on productivity and export destinations -and in empirical studies on firm performance and international firm activities in general -namely to ignore the potentially disastrous consequences of extreme observations, or outliers. If one investigates a sample of heterogeneous economic units it often happens that some variables for some firms are far away from the other observations in the sample.
These extreme observations, or outliers, often have a large impact on the results of statistical analyses -conclusions based on a sample with and without these units may differ drastically.
While applied researchers tend to be aware of this, the detection of outliers and their appropriate treatment is usually not considered as an important issue. Often the distribution of some variables with extreme values is trimmed by dropping the top or bottom one percent of observations or so, 5 or other ad hoc procedures are used.
Given the large literature on statistical methods that are robust to outliers 6 and the (at least, potentially) detrimental consequences of ignoring them this habit should change.
One reason for the usually sloppy habit towards outliers seems to lie in the lack of availability of appropriate canned programs in the popular software used by applied economists. At least with regard to Stata this changed recently due to the publication of code for highly robust methods in Verardi and Croux (2009) where, however, methods for the robust analysis of cross section data are dealt with only.
Fixed effects models for panel data that are highly popular in the empirical investigation of the relation between firm performance and international firm activities (and in applied economics in general) are not covered. In this paper we will close this gap by applying a highly robust procedure for the estimation of linear fixed effects panel data models. 5 Examples from the literature dealt with in this paper include Wagner (2007b) and International Study
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To preview the most important finding, a comparison of results from the nonrobust standard approach and from the new highly robust estimator demonstrates that estimates of the exporter productivity premium by destination are driven by a small share of firms which are identified as outliers. Using a "clean" sample without outliers the estimated productivity premium of firms that export to the Euro-zone only is no longer much smaller that the premium of firms that export beyond the Eurozone, too -the difference in the premium does no longer show up, and the premium itself over firms that serve the German market only is tiny.
The rest of the paper is organized as follows. Section 2 gives information on the data used in the empirical investigation and reports descriptive statistics on export activities of firms by area of destination. Section 3 presents estimated productivity premia of exporters by area of export destination based on a non-robust standard approach that ignores the outlier problem; furthermore, ex-ante productivity premia of export starters by destination are investigated. Section 4 outlines the algorithm for the highly robust estimation method for linear fixed effects panel data models that is used in section 5 to document the influence of outliers on the estimation results from the non-robust standard approach presented in section 3.
Section 6 concludes.
Data and descriptive statistics
The empirical investigation uses data from an unbalanced panel of enterprises that is built from cross section data collected in regular surveys of establishments by the Productivity is measured as total sales per employee, i.e. labour productivity.
More appropriate measures of productivity like value added per employee (or per hour worked), or total factor productivity, cannot be computed because of a lack of information on hours worked, value added, and the capital stock 11 in the surveys.
Controlling for the industry affiliation, however, can be expected to absorb much of the differences in the degree of vertical integration and capital intensity.
12 10 The data are confidential, and it is not possible to look at the records for these enterprises with exports to non-Euro-zone countries only in detail. Anecdotal evidence, however, points to small firms located next to the German border that trade with customers "around the corner" on the other side of this border only, and these customers might be located in Denmark, Poland, the Czech Republic, or Switzerland -neighbor countries that do not belong to the Euro-zone. In a sense these firms are special case, falling in between the groups of exporters and firms serving the German market only.
Therefore, following Wagner (2007b) these firms are dropped from all empirical investigations here. 11 The survey has information about investment that might be used to approximate the capital stock. A close inspection of the investment data, however, reveals that many firms report no or only a very small amount of investment in many years, while others report huge values in one year. Any attempt to compute a capital stock measure based on these data would result in a proxy that seems to be useless. 12 Note that Bartelsman and Doms (2000, p. 575) point to the fact that heterogeneity in labor productivity has been found to be accompanied by similar heterogeneity in total factor productivity in
3.
Productivity premia of exporters by area of export destination: Results
from a non-robust standard approach
The first step in our empirical investigation is a test for differences in the so-called exporter premia -the ceteris paribus percentage difference of labor productivity between exporters and non-exporters -between the two groups of firms that export to different geographical areas. Specifically, we will test whether the results reported in Wagner (2007b) The exporter productivity premia are estimated from a regression model in which log labour productivity is regressed on the current exporter status dummy and a set of control variables:
ln LP it = a + ß Export it + c Control it + e it (1) where i is the index of the firm; t is the index of the year; LP is labor productivity;
Export is a vector of two dummy variables indicating whether or not an enterprise belongs to the group of firms that export to countries inside the Euro-zone only or to both countries inside the Euro-zone and beyond; Control is a vector of control the reviewed research where both concepts are measured. Furthermore, Foster, Haltiwanger and Syverson (2005) show that productivity measures that use sales (i.e. quantities multiplied by prices) and measures that use quantities only are highly positively correlated.
variables including dummy-variables for two-digit industries and years; and e is an error term. The exporter premium, computed from the estimated coefficient ß as 100(exp(ß)-1), shows the average percentage difference between exporters from one of the two different groups and non-exporters, controlling for the characteristics included in the vector Control. 13 To control for unobserved plant heterogeneity due to time-invariant firm characteristics which might be correlated with the variables included in the empirical model and which might lead to a biased estimate of the exporter premia, (1) is augmented by adding fixed enterprise effects .
Results are reported in table 2. The exporter productivity premia computed from the estimates for the coefficients of the exporter status dummy variables are positive and statistically significant at an error level of less than one percent for both empirical models with and without fixed enterprise effects -exporters are more productive that non-exporting firms.
[ Table 2 near here]
Results from the empirical model without fixed enterprise effects point to a distinct hierarchy as regards the productivity premium: Enterprises that export to both countries inside and outside the Euro-zone have the highest productivity premium compared to firms that sell their products in Germany only, followed by firms that export inside the Euro-zone only. According to the 95% confidence intervals reported the differences between both groups of exporting firms is statistically significant at a usual error level. Both the estimated premia and the difference in these premia are large from an economic point of view.
Controlling for unobserved time-invariant firm characteristics by adding fixed enterprise effects changes the results considerably. While the estimated productivity premia are still statistically significant for both groups of firms and large from an economic point of view, the point estimates decline by a factor of 3.5. 14 The hierarchy of premia, however, is the same as in the model without fixed effects, and the difference between the estimated premia for firms that export to the Euro-zone only and firms that export beyond the Euro-zone, too, is statistically significant at an error level of five percent, and large from an economic point of view.
The big picture is well in line with our priors: An enterprise that exports to a country outside the Euro-zone where the Euro is not the local currency has to take care of the exchange rate risk and hedging is costly. Furthermore, transportation costs and other export related costs can be expected to be higher on average for serving markets outside the euro-zone. Therefore, only the more productive firms can overcome these export costs that are higher than the export costs facing firms that export to countries inside the Euro-area only. This result still holds when unobserved firm heterogeneity is controlled for by including fixed firm effects in the empirical model.
As stated in the introductory section of this paper, one of two hypotheses discussed in the literature on the linkages between productivity and exporting points to self-selection of the more productive firms into export markets. To shed light on the empirical validity of the hypothesis that the more productive firms go abroad, and to test for differences among groups of export starters that begin to export to different areas of destination, the pre-entry differences in productivity between export starters and non-exporters are investigated next.
If good firms become exporters we should expect to find significant differences in productivity between future export starters and future non-starters in the years before some of them begin to export. If entry costs are higher in foreign markets outside the Euro-zone than inside we should expect to find significant differences in these ex-ante productivity premia by the area of destination a firm starts exporting to.
A way to test whether today's export starters were more productive than today's nonexporters several years back when all of them did not export and whether firms that start to export beyond the Euro-zone were more productive than firms that start to export inside the Euro-zone is to select all firms that did not export at all (or that did export to the Euro-area only) between year t-3 and t-1, and to estimate labor productivity premia of different types of future exporters compared to future nonexporters controlling for industry affiliation by estimating the empirical model ln LP it-n = a + ß Export it + c Control it-n + e it (2) where i is the index of the firm; t is the index of the year (2006 in our case); LP is labor productivity in year t-n (where n is either 3, or 2, or 1 and t-2, therefore, is either The pre-entry premium, computed from the estimated coefficient ß as 100(exp(ß)-1),
shows the average percentage difference between today's exporters of one of the three types defined above and today's non-exporters n years before starting to export, controlling for industry affiliation.
Results are reported in point of view in all years. The overlapping confidence intervals point to no statistically significant differences between the premia for these two types of starters, and the same holds when the estimates are compared over the three years before the export start.
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[ Table 3 near here]
The findings with regard to ex-ante productivity premia of future export starters and differences in these premia between groups of export starters that begin to export to different areas of destination, therefore, can be summarized as follows:
There is empirical evidence that more productive German manufacturing enterprises self-select into export activities beyond the Euro-zone, while no such evidence is found for enterprises that start to export inside the Euro-zone only.
Robust estimation of linear fixed effects panel data models
The empirical investigations performed in section 3 above followed an approach that is standard in the literature on the micro-econometrics of international firm activities, and that tends to ignore the potential problems that are caused by enterprises that are characterized by having values for one or more variables that are extremely different compared to the bulk of all other enterprises -firms that can be termed outliers.
In cross-sectional regression analysis, three types of outliers can cause least squares to breakdown. Rousseeuw and Leroy (1987) algorithm. An obvious drawback of the method is that σ is not known in advance and must be estimated at each step using residuals fitted in the previous step of the iterative the algorithm. This implies (for reasons that we do not comment given that we believe they are above of the scope of this paper) that the procedure is guaranteed to converge to the global minimum only for monotonic M-estimators, which are known to not be robust with respect to bad leverage points. Robustness can be however achieved by tackling the problem from a different perspective.
Remember that LS is based on the minimization of the variance of the residuals.
However, since the variance is highly sensitive to outliers, LS will be sensitive to them as well. An interesting idea would thus be to minimize a measure of dispersion of the residuals that is less sensitive to extreme values. Relying on this idea, 
To guarantee a 50% breakdown point (i.e. a resistance to up to 50% of outliers), tuning parameter k is set to 1.546. The pitfall of this estimator is that it has a Gaussian efficiency of only about 28%.
16 Remember, ρ( ) is a function which is even, non decreasing for positive values, less increasing than the square with a unique minimum at zero. 17 That is to say the population counterpart for gaussian data.
To overcome this problem, Yohai (1987) suggests to use an S-estimator to robustly estimate scale parameter σ and then fit an M-estimator as described above fixing the scale parameter to σ S . By fixing the scale parameter to σ The outcoming results will be comparable to those of a fixed effects estimator but will not be distorted by the presence of atypical individuals.
In this paper, we use exactly the same logic to robustly estimate a fixed effect model. We first center the entire series to remove individual fixed effects and then run a robust estimator to identify the outliers. Outlying individuals are then awarded a weight zero and a standard fixed effect model is fitted to the remaining observations.
The robust estimator we use for the outlier identification step is an S-estimator as described above. The second step consists in regressing on the s using an S-estimator and thereby obtaining the estimated parameters.
Having obtained the residuals and the estimated measure of dispersion, by relying on the assumed normality of the residuals, we can easily identify the outlying observations by flagging those individuals that have robust standardized residuals (i.e. residuals obtained by the S-estimator divided by ) that are larger than 2. The final step is then to run a standard fixed-effect estimation awarding a weight zero to the outliers.
Productivity premia of exporters by area of export destination: Results from a robust approach
The algorithm for the highly robust estimation method for linear fixed effects panel data models outlined in section 4 is used in this section to document the influence of outliers on the estimation results from the non-robust standard approach presented in section 3. Results are reported in table 4.
[ Table 4 near here]
The robust estimator classifies 11.8 percent of the 26,482 enterprises as outliers. Dropping these firms reduces the sample by 16.1 percent to 79, 209 observations (the number of firms times the number of years a firm in the sample).
Results based on this "cleaned" sample differ considerably from the results for the original sample reported in table 3. The estimated productivity premium of firms that export to the Euro-zone only is no longer much smaller that the premium of firms that export beyond the Euro-zone, too -the difference in the premium between both groups of exporters is no longer statistically significantly at an error level of five percent, and the premium itself over firms that serve the German market only is less than one percent. To put it differently, results are driven by a subsample of 12 percent of all enterprises, and this clearly demonstrates the importance of using a robust estimator.
How much are the results of the empirical investigation of self-selection of more productive firms into exporting that uses non-robust OLS regression models for cross-section data driven by observations from firms that can be considered as outliers? To investigate this point, the empirical model from equation (2) is estimated using a highly robust method for cross section data. This is done in using the mmregress command of Verardi and Croux (2009) described above with efficiency set to 70 %.
Results from the robust estimation of the empirical model from equation (2) are reported in that all point estimates of the productivity premia a lower, and that there is no longer a statistically significant ex-ante productivity premium for enterprises that start to export both to the Euro-zone and to the non-Euro zone. An ex.ante differential that is statistically significant and large from an economic point of view only shows up for enterprises that exported to the Euro-zone already and start to export to countries outside the Euro-zone. This conclusion differs considerably from the one based on non-robust OLS regression -again, results are driven by outliers.
[ Table 5 near here]
Concluding remarks
This paper shows that estimates of the exporter productivity premium by destination are driven by a small share of outliers. Using a "clean" sample without outliers the estimated productivity premium of firms that export to the Euro-zone only is no longer much smaller that the premium of firms that export beyond the Euro-zone, too, and the premium itself over firms that serve the German market only is tiny. Furthermore, an ex-ante productivity differential that is statistically significant and large only shows up for enterprises that exported to the Euro-zone already and start to export to countries outside the Euro-zone.
These conclusions differ considerably from those based on non-robust standard regression analyses. Given that we have no reason to suspect that outliers do only shape empirical results of studies using enterprise data for Germany, and that software for robust estimation of regression models that are an alternative to OLS estimators for cross-section data and standard linear fixed effects estimators for panel data are readily available now, we strongly recommend to check empirical results by replicating a study using robust methods before considering the findings as stylized facts that can guide theoretical reasoning and that can be used for evidence based policy advice. Note: ß is the estimated regression coefficient from an OLS-regression of log (labor productivity) on a dummy variable for firms from one of the two groups of exporting firms (taking firms that serve the German market only as the reference group). The pooled model includes a full set of 2digit industrydummies and year dummies; the fixed effects model includes year dummies and enterprise fixed effects. The estimated coefficients for the exporter dummy variables have been transformed by 100(exp(ß)-1) to report the percentage productivity premium. Standard errors were calculated using the vce(r) option in Stata; p is the p-value, indicating that all reported coefficients are statistically highly significant. Note: ß is the estimated regression coefficient from a robust linear fixed effects estimator regressing log (labor productivity) on a dummy variable for firms from one of the two groups of exporting firms (taking firms that serve the German market only as the reference group). The model year dummies and enterprise fixed effects. The estimated coefficients for the exporter dummy variables have been transformed by 100(exp(ß)-1) to report the percentage productivity premium. p is the p-value, indicating that all reported coefficients are statistically highly significant. Note: ß is the estimated regression coefficient from a robust regression (discussed in detail in the text of the paper) of log (labor productivity) on a dummy variable for firms from one of the three groups of export starters (taking the 4,505 firms that serve the German market only in all four years from 2003 to 2006 as the reference group). The empirical model includes a full set of 2digit industry-dummies and year dummies. The estimated coefficients for the export starter dummy variables have been transformed by 100(exp(ß)-1) to report the percentage productivity premium. Standard errors were calculated using the vce(r) option in Stata; p is the p-value.
Appendix:
A survey of micro-econometric studies on export destination and firm performance Differences between exporting and non-exporting firms have been a core topic in the literature on the micro-econometrics of international firm activities that started with the pioneering paper by and that is surveyed in Greenaway and Kneller (2007) and in . Only recently in this literature exports by a firm are broken down by destination regions or countries -an approach that is not feasible for all countries of origin of exports due to data limitations. Looking at export destinations reveals new insights and sheds light on hitherto not known facts. While eight studies use cross-section data only, 28 are based on panel data that allow to control for unobserved heterogeneity via fixed effects and that offer the opportunity to look at the direction of the relationship between firm performance (usually, productivity) and destination of exports by testing for the presence of exante differences (that existed before exporting to a destination started) and positive effects of exporting to a destination on firm performance (learning-by-exporting to a destination).
Although results are not strictly comparable between the studies due to differences in, among others, the number and type of destinations looked at (e.g., EU
vs. non-EU; areas defined according to per-capita income; or a large number of destination countries), the definition of the sample used (establishments or enterprises; cut-off point of number of employees), the period under investigation, and the statistical methods applied, 19 a big picture emerges that can be sketched as follows:
( uses an identical approach to investigate the nexus between exports and productivity (without considering the destination of exports) with firm level data from 14 different countries to document stylized facts that hold for all countries and to investigate cross-country differences.
productivity gains that are lower than in firms exporting to high income countries; and Kostevc 2008 , stating that evidence of the learning process is not conclusive)
What can we learn from the micro-econometric studies surveyed here about the relationship between export destinations and firm performance? Even if the evidence we have so far might not qualify as a stylized fact due to restrictions in the comparability of the studies it seems fair to state that we know that the bulk of exporting firms trades with only a few countries, that the lion's share of exports is done by few large firms that export to a large number of countries, that the number of export destinations is positively related to productivity and firm size, and that we have evidence for self-selection of more productive firms into more demanding markets while the jury is still out regarding the issue of different learning-by-exporting effects by different export destinations. 
